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§2. Revised Scheme for Three Dimensional 
Equilibria with the Bootstrap Current 
Kanno,R., Nakajima,N., Hayashi,T., Okamoto,M. 
To study three dimensional (3-D) :tvfHD equilibria 
with a net toroidal current, the HINT code is revised, 
which originally treats only currentless equilibria. The 
net toroidal current means such non-vanishing currents 
after the flux surface average as the bootstrap current, 
the Ohmic current, the Ohkawa current, etc. Most im-
portant advantage of the HINT code is that it does 
not need to assume the existence of nested flux sur-
faces in equilibria. The net toroidal current so dras-
tically changes the rotational transform that the reso-
nance condition of the magnetic island will be altered, 
which leads to the formation and/ or self healing of mag-
netic islands. To investigate such phenomena, the HINT 
code is revised. In this report, we propose the revised 
HINT computational method. 
In the HINT code, an MHD equilibrium is obtained 
starting from an arbitrary nonequilibrium initial plasma 
and vacuum field configuration by means of a time-
dependent relaxation method with small values of re-
sistivity 1J and viscosity v. Calculations are performed 
in the two steps. The first step (A-step) is the relax-
ation process of the pressure along magnetic field lines. 
To speed up the relaxation of the pressure, we solve the 
artificial sound wave equations under a fixed magnetic 
field, until B · V p = 0 is satisfied. The second step 
(B-step) is the relaxation process of the magnetic field 
under a fixed pressure profile. To calculate the MHD 
equilibrium with a net toroidal current, we need to re-
vise the Faraday's equation in the B-step, according to 
the following idea. In the original HINT code, the Fara-
day's equation is given as 
oB = -V x E = V x (v x B -7Jj). (1) at 
In the steady state, E is expressed by the gradient of 
a scalar potential ¢, i.e. E = - V ¢, in the Ohm's law 
given as 
E + v X B = 7Jj. (2) 
If there exist closed flux surfaces, calculation of a flux 
surface average is permitted on such surfaces. For 
some equilibria without a source of a net current, the 
scalar potential become a single-valued function, so that 
(E ·B) = - (V¢ ·B) = 0 = 1J (j ·B), where ( ) means 
the flux surface average. Thus, we obtain three dimen-
sional equilibria without a net current. 
For equilibria with an Ohmic current, the Ohm's 
law given by eq.(2) can be represented as follows; 
E + v x B = 1J (j - a-Eex) , (3) 
where a- is the conductivity and a-Eex is the Ohmic cur-
rent. Since the Ohmic current can be also represented 
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as B (j · B)ohmic / (B2 ), the revised equation of eq.(l) 
becomes 
oB _ on ( B _ { · _ B (j · B)ohmic }) ot - v X v X 1J J (B2) ' (4) 
where we assume that an equilibrium has closed flux 
surfaces. If there exist closed flux surfaces in the steady 
state, we have (E ·B) = 0 = 1J { (j ·B) - (j · B)ohmic }. 
Thus, in the steady state (j ·B) becomes (j · B)ohmic' 
and we obtain three dimensional equilibria with the net 
Ohmic current. If there are also the bootstrap current 
and the Ohkawa current, eq.( 4) can be generalized as 
8B -n ( B {. B (j · B)net }) at = v X v X - 1J J- (B 2 ) , (5) 
where (j · B)net (j · B)ohmic + (j · B)bootstrap + 
(j · B)ohkawa· Therefore, we treat eq.(5) in the revised 
B-step, instead of eq.(l ). Solving numerically the re-
laxation equations in the revised HINT computational 
method, we find a 3-D MHD equilibrium with a net cur-
rent in a toroidal helical system. 
Calculation of a net toroidal current, e.g. the boot-
strap current, is done between the A and B steps under 
conditions of a fixed pressure profile and a fixed mag-
netic field with closed flux surfaces. In the calculation 
of the bootstrap current, we employed the Boozer coor-
dinates ('If;,(),(), where 'If; is the toroidal magnetic flux, 
and () and ( are the poloidal and toroidal angles, re-
spectively. The bootstrap current is expressed in each 
collisionality limits as follows; 
. ( dp dT) (j · B)bootstrap = -Gbs £1 d'lj; + L2n d'lj; ' (6) 
where p is the plasma pressure, n is the density, T is 
the temperature (p = 2nT; n = ni = ne, T = 11 = Te, 
and n, T ex: -JP in this work). L1 and £2 are transport 
coefficients, which are composed of the viscosity and the 
friction coefficients, and Gbs is the geometrical factor. 
To evaluate the bootstrap current through eq.(6), only 
spectra of the magnetic field strength in the Boozer co-
ordinates are needed with some surface quantities. To 
obtain the spectra of the magnetic field strength and 
surface quantities, we use the method in Refs.[l, 2] with 
the magnetic field line trace. To estimate the bootstrap 
current in various collisionality regimes, we use the con-
nection formula derived in Ref.[3], instead of eq.(6). 
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